A b s t r a c t . -Molecular o r b i t a l c a l c u l a t i o n s a r e designed t o c a l c u l a t e t h e e l e ct r o n i c and magnetic s t r u c t u r e f o r molecules o r c l u s t e r s . With t h e c a l c u l a t e d e l e c t r o n i c s t r u c t u r e ( e i g e n v a l u e s & and e i g e n v e c t o r s y o f t h e r e l e v a n t e l e c t r on i c Hamiltonian) i t i s i n p r i n c i p l e p o s s i b l e t o e v a l u a t e s p e c t r o s c o p i c d a t a from corresponding e x p e c t a t i o n v a l u e s <yil 8 1 ?gf> , where Ti r e p r e s e n t s t h e i n i t i a l and ?gf t h e f i n a l e l e c t r o n i c s t a t e , and 1s t h e appro r i a t e o p e r a t o r (i .e. d(P) f o r d e r i v i n g e l e c t r o n and s p i n d e n s i t i e s , (31q --T"$+/T' f o r e l e c t r i c f i e l d g r a d i e n t s , $ f o r d i p o l e moments and t r a n s i t i o n s , ~+ 2 g f o r magnetic momm e n t
s ) . I n c l u d i n g energy s p a c i n g and Boltzmann p o p u l a t i o n o f e l e c t r o n i c s t a t e s i n t h e c a l c u l a t i o n l e a d t o temperature dependent d a t a . Experimental d a t a o b t a ined from Mijssbauer, ESR, s u s c e p t i b i l i t y , o p t i c a l and XPS measurements a r e r e l at e d t o t h e e x p e c t a t i o n v a l u e s mentioned above.
The c a l c u l a t i o n a l procedure w i l l be d e s c r i b e d , and comparison of c a l c u l a t e d and measured d a t a w i l l be p r e s e n t e d . ;>j 1 ; -51 (1) t e t h e e l e c t r o n i c and magnetic s t r u c t u r e of molecules o r c l u s t e r s . I n t h e p r e s e n t communication t h e b a s i c p r i n c i p l e of t h e c a l c u l a t i o n a l procedure ( s e c t i o n 2 ) i s d e s c r i b e d , some common approximate methods a r e mentioned ( s e c t i o n 3 ) , molecular exp e c t a t i o n v a l u e s a r e d e f i n e d ( s e c t i o n 4 ) , and c a l c u l a t e d e l e c t r i c f i e l d g r a d i e n t s ( s e c t i o n 5 ) , e l e c t r o n charge d e n s i t i e s a t t h e n u c l e u s ( s e c t i o n 6 ) , i n t e r n a l magnetic f i e l d c o n t r i b u t i o n s ( s e c t i o n 71, magnetic s u s c e p t i b i l i t y and g -f a c t o r s ( s e c t i o n 81, e n e r g i e s ( s e c t i o n 9 ) , d i p o l e moments and XPS i n t e n s i t i e s ( s e c t i o n l o ) a r e p r e s e n t e d f o r some compounds and compared w i t h exper i m e n t a l d a t a . 2. Basic P r i n c i p l e . -A molecular system c o n s i s t i n g of N n u c l e i and n e l e c t r o n s i s d e s c r i b e d by t h e t o t a l Hamiltonian, which i n c l u d e s motion and i n t e r a c t i o n of n u c l e i and e l e c t r o n s . However, we c a n r e s t r i c t o u r s e l v e s t o t h e e l e c t r o n i c p a r t of Htota3 t h i s assumes t h a t t h e e l e c t r o n s a d j u s t themselves t o new n u c l e a r p o s i t i o n s s o r ap i d l y , t h a t a t any i n s t a n t t h e e l e c t r o n a where Z k and Rk a r e t h e c h a r g e and t h e pos i t i o n v e c t o r of n u c l e u s k , and gi i s t h e p o s i t i o n v e c t o r of e l e c t r o n i. Each of t h e n e l e c t r o n s may be a s s o c i a t e d w i t h a one- The t o t a l n -e l e c t r o n wavefunction i s now b u i l t up a s an antisymmetrized p r o d u c t of molecular s p i n o r b i t a l s Such a n a r r a y of s p i n o r b i t a l s , known a s S l a t e r d e t e r m i n a n t , i s t h e s i m p l e s t wavef u n c t i o n which s a t i s f i e s t h e antisymmetry p r i n c i p l e . The e l e c t r o n i c p a r t of t h e t ot a l energy of t h e system i s d e r i v e d from eqs.
I n t r o d u c t i o n . -The mutual i n f l u e n c e of motion i s j u s t a s it would be i f t h e nue l e c t r o n i c s t r u c t u r e c a l c u l a t i o n s and c l e i were a t r e s t a t t h e p o s i t i o n t h e y ocs p e c t r o s c o p i c measurements h e l p s t h e theocupy a t t h a t same i n s t a n t (Born-Oppenheir e t i c i a n t o t e s t t h e r e l i a b i l i t y of t h e mer a p p r o x i m a t i o n ) . Then t h e e l e c t r o n i c v a r i o u s approximations u s u a l l y involved i n system i s d e s c r i b e d by t h e Hamiltonian ( i n h i s c a l c u l a t i o n s and t h e e x p e r i m e n t a l i s t a . u . ) t o i n t e r p r e t h i s d a t a . Molecular o r b i t a l
( 1 ) and ( 2 ) (one-elec-.tron approximation of two-electron contributions by model potentials such as in the X , method). In the present contribution the electronic structure and expectation values for molecules and clusters have been derived on the basis of the iterative extended Huckel theory (IEHT), in some cases including a limited configuration interaction calculation' ; and for some smaller molecules a model potential method12 was used. where ni i s t h e number of e l e c t r o n s i n MO
Yi. S u b s t i t u t i n g t h e LCAO s o l u t i o n ( 5 ) i nt o (11) y i e l d s
From eq. (12) it i s obvious t h a t a l l molec u l a r e x p e c t a t i o n v a l u e s c o n s i s t of a molec u l a r p a r t Ppu , which i s d i r e c t l y d e r i v e d from t h e M O ' s Yi ( s e e e q . ( 5 ) and ( 9 ) ) , and of a n atomic p a r t t o > a t , which can be e v a l u a t e d from t h e b a s i s A O ' s <p, and (P, . 
I n Mdssbauer s p e c t r o s c o p y where we measure a t a s p e c i f i c s i t e k w i t h i n a molecular system we may d i s t i n g u i s h t h r e e d i

. E l e c t r i c F i e l d G r a d i e n t and Quadrupole S p l i t t i n g . -A s a f i r s t example f o r c a l c u l at i n g e x p e c t a t i o n v a l u e s a c c o r d i n g t o eq. (12) we d e r i v e e l e c t r i c f i e l d g r a d i e n t s ( E FG)
. The corresponding t e n s o r o p e r a t o r f o r a l l n e l e c t r o n s and N n u c l e i i n t h e molec u l e i s I n c a s e t h a t c o r e e l e c t r o n s of t h e Msssbaue r i s o t o p e a r e excluded from t h e LCAO bas i s s e t i n o r d e r t o save computer time ( i . e . from a numerical i n t e g r a t i o n procedure .
I n Table 1 Table 2 for 
F i g . 2 : C a l c u l a t e d r e l a t i v i s t i c e l e c t r o n charge d e n s i t i e s v e r s u s measured isomer s h i f t s . Taken from r e f . 19
In MO calculations with limited basis set (i.e. without Fe Is, 2s, 3s) the overlap distortion contribution to 7 (0) is evaluated from a separate reorthonormalization procedure l7 18. For FeF2 which was represented in the IEHT-MO calculations by a [F~F~] 4-cluster, we calculated pressure dependent charge densities 9 (01, the various contributions of which are shown in Fig, 3 together with the calculated change of Fe 3d and 4s population with pressure?O In Fig. 4 we finally compare pressure dependent isomer shifts with total charge 
t i o n s t o t h e i n t e r n a l f i e l d , Hint, measured a t a Mossbauer n u c l e u s , c o n s i s t
A of t h e c o n t a c t f i e l d H' , t h e o r b i t a l f i e l d
GL, t h e s p i n -d i p o l a r f i e l d ;;SD, and t h e
-'ST s u p e r t r a n s f e r r e d f i e l d H -.
The c o n t a c t f i e l d H' a r i s e s from t h e cont r i b u t i o n of t h e s p i n d e n s i t y a t t h e nuc l e u s 2 2 I n c a s e t h a t t h e s p i n d e n s i t y o r i g i n a t e s from s -e l e c t r o n s ( w h i c h have f i n i t e c h a r g e d e n s i t y 9 ( 0 ) a t t h e n u c l e u s ) , eq. (20) c a n be r e p r e s e n t e d by 2 3 w h e r e < S s > i s t h e e f f e c t i v e s p i n produced
by t h e s e s -e l e c t r o n s . On t h e o t h e r hand, i f t h e s p i n d e n s i t y o r i g i n a t e s from p-o r d -e l e c t r o n s , t h e s p i n -p a i r e d core-s-elect r o n s may become s p i n -p o l a r i z e d due t o exchange i n t e r a c t i o n w i t h t h e p-o r d-elect r o n s . Following a g a i n Watson and Freeman23, H~ t h e n i s r e p r e s e n t e d by
where H c o r e and Elva1 r e p r e s e n t t h e amount of s p i n -p o l a r i z a t i o n o f c o r e -and valences -e l e c t r o n s of t h e Mossbauer i s o t o p e .
Both, H~~~~ and Hval, have t o be a d j u s t e d t o t h e a c t u a l number of d-and p-elect r o n s , because p o t e n t i a l s h i e l d i n g e f f e c t s have c o n s i d e r a b l y i n f l u e n c e upon t h e s p i np o l a r i z a t i o n of t h e core-and valence-se l e c t r o n s 2 3 . From MO c a l c u l a t i o n s t h e dand p-population and t h e e f f e c t i v e s p i nd e n s i t i e s (Ss) and<S
> a r e e~t r a c t e 2 : '~~ p , d t h u s making t h e c a l c u l a t i o n of H~ straightforward.
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The o r b i t a l f i e l d H~ a r i s e s from t h e orbit a l motion of t h e e l e c t r o n s
The t o t a l o r b i t a l a n g u l a r momentum Lp of t h e e l e c t r o n s around t h e MBssbauer nuc l e u s i s d e r i v e d a c c o r d i n g t o eq. ( 1 2), w i t h u s u a l l y n e g l e c t i n g c a s e s (ii) and (iii) i n s e c t i o n 4 . 
The s p i n -d i p o l a r f i e l d csD i s t h e c o n t r i -b u t i o n from t h e magnetic moment, which is a s s o c i a t e d w i t h t h e s p i n o f t h e e l e c t r o n s o u t s i d e t h e n u c l e u s
Comparing e q s . (24) and ( 1 3 ) it i s obvious t h a t t h e s p i n -d i p o l a r f i e l d i s d e r i v e d i n a s i m i l a r f a s h i o n a s t h e EFG. The s u p e r t r a n s f e r r e d f i e l d ZsT may be eval u a t e d a l o n g t h e l i n e s d e s c r i b e d by Sa-A -watzky e t a l Z b , however, w a s found t o be n e g l i g i b l e f o r t h e a p p l i c a t i o n s p r e s e n t e d h e r e . I n Table 3 we summarize t h e v a r i o u s cont r i b u t i o n s t o ~i~~ f o r iron-dithiocarbamat e compounds27. The comparison w i t h exper i m e n t a l v a l u e s a t t h e i r o n n u c l e u s 28,
T , i n d i c a t e s t h a t --t h e agreement between c a l c u l a t e d and meas u r e d magnetic d a t a i s q u i t e s a t i s f a c o t r y . ( F u r t h e r d e t a i l s o f t h e c a l c u l a t i o n conc e r n i n g t h e e l e c t r o n i c and magnetic s t r u ct u r e of F e ( d t~)~C l , I
i s p r e s e n t e d i n V.R.
Marathe's e t a 1 c o n t r i b u t i o n i n t h i s volume. ) 
D i a g o n a l i z a t i o n of G corresponds t o an Pq
o p e r a t i o n i n R 3 , whlch t r a n s f o r m s t h e used b a s i s s e t i n t o t h e main a x e s system of G pq' From t h e main components G,,G2,G3 t h e n t h e well-known g -f a c t o r s a r e d e r i v e d c e p t i b i l i t y ?! =3( X I + X2+ X3) h a s been eval u a t e d a s f u n c t i o n of t e m p e r a t u r e , and was compared w i t h e x p e r i m e n t a l r e s u l t s ( F i g . 5 ) .
The c a l c u l a t e d and measured g -f a c t o r s f o r K3Fe(CN)6 a r e l i s t e d i n Table 4 . From i ns p e c t i o n of F i g . 5 and Table 4 one r e a l iz e s t h a t t h e o r e t i c a l and e x p e r i m e n t a l dat a a r e i n r e a s o n a b l e agreement. a s a f u n c t i o n of temp e r a t u r e . Taken from r e f . 32. The e x t r a p o l a t i o n (broken l i n e ) l e a d s t o a Weiss c o n s t a n t h = 40 K , which i s comparable with t h e value eexp = 56 K from t h e d a t a o f F i g g i s e t a 1 ( r e f . 33) 9 . Energies.-The orbital energies which were derived using the IEHT approximation are in qualitative agreement with those reported from experimental work (see Table 51   Table 5 : O r b i t a l e n e r g i e s ( i n cm-l) a s derived from IEHT c a l c u l a t i o n s and o p t i c a l experiments. Taken from r e f s . 20, 32 compound IEHT exp.
K7Fe (CN) 32000 3 5000
1 loo 9300 Table 6 : Calculated and experimental i o n i z a t i o n pot e n t i a l s ( i n ~y = 109737.3 cm-l) .Taken from r e f .36 For the two compounds from above, again using the modelpotential MO method1 2, the calculated and measured dipole moments and XPS intensities are summarized in Table 7 . electric field gradients, electron densities at the Mossbauer nucleus, internal magnetic fields, suscepitibility, g-factors and energies have been derived, which are in reasonable agreement with experiment. This shows that even a relatively simple MO method is able to reproduce satisfactorily experimental results, and thus leads to a deeper understanding of the electronic and magnetic structure of the compounds under study.
The more sophisticated model-potential cak culations require much more computer space and time; it is still questionable whether the results justify the effort. t i o n over several y e a r s , w h i c h l e d t o m a n y of t h e r e s u l t s presented here, w i t h Professors I . D 6 z s i , A.J. F r e e m a n , U. G o n s e r , M a e d a , V.R. M a r a t h e , R. R e s c h k e , R . Z i mm e r m a n n , and t o M r . R. B l a s and M r . S .. Iaue r .
